Mineralization in the Earth's crust can be regarded as a singular process resulting in large amounts of 13 mass accumulation and element enrichment over short time or space scales. The elemental concentrations 14 modeled by fractals and multifractals show self-similarity and scale-invariant properties. We take the view 15 that fluid-pressure variations in response to earthquakes or fault rupture are primarily responsible for 16 changes in solubility and trigger transient physical and chemical variations in ore-forming fluids that 17 enhance the mineralization process. Based on this general concept, we investigated mineral precipitation 18 processes driven by rapid fluid pressure reductions by coupling mineralization to a cellular automaton 19 model to reveal the nonlinear mechanism of the orogenic gold mineralization process using simulation. In 20 the model, fluid pressure can increase to the rock failure condition, which was set as lithostatic pressure at 21 a depth of 10km (270MPa), due to either porosity reduction or dehydration reactions. Rapid drops in 22 pressure resulting from fault rupture or local hydrofracture may induce repeated gold precipitation. The
2007
). Once the fluid pressure increases to a level sufficient to permit frictional slip at low fault shear stress, where and represent the pre-failure and post-failure pore pressure among the affected cells, 133 respectively, and N is the number of affected cells. The fluid pressure redistribution might cause the 134 neighboring cells to reach the failure condition, leading to further pressure equilibrium and cascading 135 failure until the stress value in all the cells recovers to below the failure condition. It is important to note 136 that the numerous mechanisms (e.g., crack porosity production due to hydro-fracture, variation of 137 mechanical strength, and time-dependent healing), that are responsible for the evolution of fluid pressure,
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are simplified in this model (Miller and Nur, 2000) .
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mineral precipitation in the fracture network, which can seal fractures to rebuild the fluid pressure and relationship between metal ions and water vapor pressure with the change of temperature (Bischoff et al., 146 1986 (Bischoff et al., 146 , 1988 Rempel et al., 2006; Migdisov and Williams-Jones, 2013; Migdisov et al., 2014) . These studies 147 indirectly reflect that the fluid pressure can efficiently affect the solubility of precious metal solubilities.
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We recognize that fluid pressure is not the only factor that controls metal solubility in hydrothermal 149 systems, and other physical and chemical factors, such as temperature, pH and redox, may be as 150 important or more important in some cases (Seward, 1973) . Here, we ignore these other factors for the sake 151 of simplicity and focus only on the role of pressure decrease as the mechanism of metal 152 deposition.However, if the hydrothermal fluid is still undersaturated after the solubility decreases due to 153 an abrupt pressure drop, the metal will not precipitate. Thus, to simplify the model, we suppose that each 
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In this study, we used three different relationships between metal ions and fluid pressure. Specifically, we 158 investigate linear, exponential and power-law functions (Eq. 3) to estimate the volume of mineral , is proportional to ( ).
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The fractal dimension function is known as a multifractal spectrum, which is usually estimated via 175 the moment method (Halsey et al., 1986) . The partition function is defined as:
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(Eq. 5)
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The partition function shows a power-law relationship with cell size for any
Here represents the mass exponent of order q. The index suggests that the 181 measure corresponds to a multifractal, whereas M=0 suggests a fractal or non-fractal.
182
The singularity exponent and the multifractal spectrum value can be calculated through the mass 183 exponent by differentiation and the Legendre transformation, respectively (Evertsz and Mandelbrot, 1992) 184 
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Similar to the evolution of high fluid pressure, the spatial distribution of metal elements evolves 227 from a spatially random structure to spatially clustered structures. Nine temporal sequence snapshots ( 276 and 3c). These three geochemical patterns show a similar spatial structure ( Figs. 7b and 7c) , and both of
connectivity structure shows the onset of a correlation length at the percolation threshold, after which the 287 correlation length increases until the system as a whole reaches a critical state. The relationship between 288 cluster size and the number of events shows a power-law with an exponential tail at the percolation 289 threshold that plays an important role for fracture connectivity and fluid flow in the formation of mineral 290 deposits (Roberts et al., 1998 (Roberts et al., , 1999 . At the critical state, the power law statistics of cluster size indicate 291 scale invariance of the fluid pressure evolution system (cf. Fig. 6 in Miller and Nur (2000)), namely the 292 constructed cell space can occur at the level of pore structure, or at the level of large scale fluid pressure 293 within a fault zone. This determines that the distribution of elemental concentration also exhibits the scale- 
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The interaction of physical, chemical and biological processes can contribute to mineral deposition 307 through phase transition or separation during the hydrothermal mineralization processes. We considered 308 fluid pressure fluctuations and cyclicity as a dominant process in mineralization, and this cyclicity was 309 responsible for the superposition of repeated mineralization events that ultimately produce complex 310 geochemical patterns that can be effectively modeled using a multifractal framework. Although this 311 idealized model is simple, it is not simplistic, and provides important insights into the singular 312 mineralization process. Future model developments will include other important processes not yet 313 considered, including tectonic stress increases from plate motion, to investigate how different ratios of 314 differential stress to fluid pressure can influence the fault failure patterns which may further determine the 
